. Hence, the optimal parameters to obtain better surface roughness of the workpiece material were obtained when groundnut oil based cutting fluid was used. Analysis of variance shows that feed rate has the most significant effect on surface roughness.
Introduction
Machining processes result in the generation of enormous heat due to the friction between the cutting tool and the workpiece material, and between the tool face and the chips gliding over it [1] . This, to a great extent, affects the tool life and the surface integrity of machined products. To minimize the effect of friction and the resultant heat on tool life, and the consequent effect on the integrity of the machined surface, cutting fluid is used as a means of conducting heat from the cutting zone [2] . Vegetable oil-based emulsions are also a part of recent research to produce stable emulsions to use as metalworking fluids and in other applications [3] . A comprehensive review of the application of vegetable oil-based metalworking fluids in machining ferrous metals by Lawal et al. [4] shows that a better performance can be achieved during machining processes using vegetable oil-based metalworking fluid. Vegetable oil-based cutting fluids are environmentally friendly, renewable, less toxic and economical in the reduction of the waste treatment costs due to their inherently higher biodegradability [5] . Machining industry concerned with the development of preventive legislation and the increased interest in almost green products reduces the soil pollution by biodegradability which makes the manufacturing processes a clean process [6] . Vegetable oil-based cutting fluids seem to be the best alternatives to mineral oil based cutting fluids due to certain inherent chemical properties and their biodegradability ability. The better performance of vegetable oil-based cutting fluids can be traced to its high flash point, high viscosity index, high lubricity and low evaporative loss compared to mineral oils [7] . Poor oxidative and hydrolytic stability, high temperature sensitivity of tribological behaviour and poor cold flow properties are the limitations of vegetable oils for lubricants [8] . However, these shortcomings in the vegetable oils can be addressed with addition of chemical additives such as emulsifier, corrosion prevention, pH regulator, binding, anti-foaming, odour prevention, flash point improver, spreading and wetting to improve its functions as lubricant.
Jacob et al. [9] developed a vegetable-based emulsion that can be used in the metal working industry, to replace partially or completely the commonly used petroleum based emulsions. Lawal et al. [10] evaluated the effect of vegetable and mineral oil-in-water emulsion cutting fluids in turning AISI 4340 steel with coated carbide tools on the surface roughness and cutting force. The study involved the selection of cutting fluid additives for the formulation of oil-in-water emulsion, using palm kernel and cottonseed oils. Similarly, Xavior and Adithan [11] studied the influence of cutting fluids on tool wear and surface roughness during turning of AISI 304 austenitic stainless steel. They identified the influence of coconut oil in reducing the tool wear and surface roughness during turning processes. Ojolo et al. [12] studied the effect of some straight biological oils (groundnut oil, coconut oil, palm kernel oil and shear butter oil) on cutting force when turning with round bars of three selected materials (mild steel, copper and aluminium) using tungsten carbide tool. The results obtained showed that biooils were suitable for metalworking fluids and that the effects of the bio-oils on cutting force, however, were material dependent. Belluco and De Chiffre [13] investigated the effects of new formulations of vegetable oils on surface integrity, part accuracy in reaming and tapping operations with AISI 316L stainless steel. Cutting fluid was found to have a significant effect on surface integrity and thickness of the strain hardened layer in the sub-surface, as well as part accuracy. Cutting fluids based on vegetable oils showed better performance than mineral oils. Cydas [14] studied the effect of dry cutting on surface roughness, tool flank wear and temperature during turning of AISI 4340 steel with ceramic tools. Suresh et al. [15] examined the effect of dry cutting on surface roughness, tool wear, cutting force, machine power during machining of AISI 4340 steel with cemented carbide tools. Dhar et al. [16] evaluated tool wear and surface roughness under dry, wet (conventional) and MQL during turning of AISI 4340 steel with coated carbide tools. There are other studies on machining of AISI 4340 steel under dry cutting, however, only Avila and Abrao's [17] work investigated the effect of emulsion without mineral oil, emulsion synthetic, emulsion with mineral oil on tool wear, tool life, surface roughness and chip formation during turning of AISI 4340 steel with alumina tools. In this study, the effects of false walnut and groundnut oils based cutting fluids and commercial cutting fluid on surface roughness during turning of AISI 1330 alloy steel using high speed steel tool were investigated.
Materials and Method

Materials
Cutting Fluids
Cutting fluids used in this study were sourced from two vegetable oils-false walnut and groundnut oils. Mineral based cutting fluid was used as control experiment. False walnut oil was sourced from Jiblik village in Plateau state, and groundnut oil was sourced from Minna in Niger State both in Nigeria. The formulation of oil-in-water cutting fluids was done using full factorial experimental method for each of the oils. The following additives were used: 1) emulsifier (polyoxyethylene sorbitan monostrate or Tween-80).
2) antioxidant (butylated hydroxytoluene-BHT).
3) corrosion Inhibitor (banana sap obtained from banana stem-musa acuminate plant [18] . 4) biocide (triazine) and distilled water (laboratory made). Table 1 shows the characteristics of the formulated emulsion cutting fluids from false walnut and groundnut oils, and commercial cutting fluid (UNICUT Soluble Oil, NKO 287E716K).
Workpiece
An annealed AISI 1330 alloy steel workpiece material of 45 mm diameter and ×500 mm long sourced from Ajaokuta Steel Company, Ajaokuta-Nigeria was used in this study. The elemental analysis of the material was determined at the National Metallurgical Development Centre, Jos, Nigeria. The hardness value of the material is 30.1 HRC with the following composition percentages by weight: C (0.296), Si (0.461), Mn (1.230), Cr (0.060), Ni (0.022), Cu (0.080), W (0.011), P (0.040), S (0.023) and Fe (97.70).
Cutting Tool
High speed steel (HSS), AISI M-42 type with the following geometry: nose radius of 0.5 mm, back rake angle of 6˚, side rake of 10˚, end cutting edge of 12˚ and side cutting edge of 12˚. was used in this study
Method
Experimental Design
Taguchi method is an experimental design technique which is useful in reducing the number of experiments dramatically, by using orthogonal arrays to minimize the effects of the factors from being out of control. The basic philosophy of the Taguchi method is to ensure quality in the design phase. The greatest advantages of the Taguchi method are to decrease the experimental time, to reduce the cost and to find out significant factors in a shorter time period [19] . The most reliable of Taguchi's techniques is the use of parameter design, which is an engineering method for product or process design. It focuses on determining the parameter settings producing the best levels of a quality characteristic with minimum variation. The most important stage in the design of an experiment lies in the selection of control factors. As many factors as possible should be included in order to make possible to identify non-significant variables at the earliest opportunity [20] [21] . Taguchi creates a standard orthogonal array to accommodate this requirement. Taguchi used the signal-to-noise (S/N) ratio as the quality characteristic of choice. Signal to noise ratio is used as a measurable value, instead of standard deviation, because as the mean decreases, the standard deviation, also decreases and vice versa [20] - [22] . The S/N ratio characteristics can be divided into three categories, given as nominal is the best characteristic, smaller is the better characteristic and larger is the better characteristic. In this study, experimental set up was based on design of experiment (DOE) via Taguchi method, and four variables namely; cutting speed, feed rate, depth of cut and cutting fluids. These were considered for experimentation. Hence, there were four input parameter and for each parameters, three levels were assumed as shown in Table 2 . For a four-factor-three-level experiment, Taguchi specified L 27 (3 4 ) orthogonal array for experimentation. The confidence level specified for the analysis is 95%.
Turning Conditions
The machining experiment involved the turning of the workpiece on a manually operated POTISJE PA 25 centre lathe, using a HSS cutting tool. In each experimental run, a fresh cutting tool was used for a fixed cutting time of 20 minutes. The cutting fluid was applied using conventional (flood) method. Surface roughness was chosen as an output parameter for evaluation, using the two vegetable oil-based cutting fluids and mineral oil-based cutting fluid. A portable surface roughness tester, model number CRV 135 used to measure the surface roughness (R a ) of the workpiece material after each experimental run. The surface roughness, (R a ), was taken using the surface roughness tester at three points on the workpiece. The average of three readings taken per sample were used for the analysis of the corresponding signal-to-noise (S/N) ratio, and the smaller the better the characteristics as represented in Equation (1) was used for the analysis. where η is the S/N ratio for "the smaller-the-better" case, y i is the measured quality characteristic for the i th repetition and n is the number of repetitions in a trial.
Results and Discussion
The input factors and the response obtained from the experiments are shown in Table 3 . The results of the experiments were subjected to the signal-to-noise (S/N) ratio and analysis of variance (ANOVA) to determine the optimum and significant factors that affect the surface roughness in this study. Table 4 shows the corresponding S/N (dB) ratio for the surface roughness. Since the smaller-the-better-value of the response is desirable, the performances of the three cutting fluids were analyzed using Taguchi optimization process. This is based on the principle of static problems of "smaller-the-better" characteristic (S/N) ratio for the surface roughness. For ease of computing and analyzing the ratios, statistical analysis software (Minitab-14), widely used in engineering applications was used to investigate the optimal parameters for the surface roughness.
Signal-to-Noise (S/N) Ratio Analysis
The main effect plots for the surface roughness obtained from S/N ratio values of the machining parameters at different levels are shown in Figure 1 . The plots indicated that the optimal machining parameters for the minimum surface roughness were obtained at cutting speed of 35 m/min (level 2), feed rate of 0.124 mm/rev (level 1), depth of cut of 0.3 mm (level 1) and a cutting fluid with a viscosity of 2.898 mm 2 /s (level 3). Hence, the optimal parameters to obtain better surface finish of the workpiece were obtained when groundnut oil based cutting fluid was used. This may be as a result of the higher viscosity of the groundnut oil based cutting fluid.
Analysis of Variance for Surface Roughness
Analysis of variance (ANOVA) was used to determine the contribution of each parameter on the surface roughness as shown in Table 5 . The contribution of each input parameter to the surface roughness was: cutting speed (6.82%), feed (46.42%), depth of cut (14.19%), and cutting fluid viscosity (14.22%) respectively. The results showed that the feed rate has the highest significance on the surface roughness, followed by the cutting fluid. This is in agreement with the study carried out by Noordin et al. [23] , in which their finding showed that the surface roughness is dependent on the feed rate. The depth of cut ranked the third in influence, while the cutting speed had the least influence on the surface roughness. Figure 1 . Main effects plot for surface roughness S/N ratios. 
MAIN EFFECTS PLOT FOR SURFACE ROUGHNESS S/N RATIOS
Contour and Interation Plots of Surface Roughness
Contour plot in Figure 2 shows the effect of cutting speed and feed rate on surface roughness. It is observed that, increase in cutting speed has very little effect on the surface roughness. For example, as the feed rate increased from 0.16 mm/rev to 0.18 mm/rev, the surface roughness increased from 5.2 -5.6 µm to 5.6 -6.0 µm, whereas, 
Conclusion
Experiments involving high speed steel tools and AISI 1330 alloy steel under varying machining conditions and cutting fluids were conducted. These were done using L 27 (3 4 ) orthogonal array and each experiment was repeated three times. Each test used a new cutting tool to ensure accurate readings of the surface roughness. Experimental results were analyzed using signal-to-noise ratio and ANOVA. Results showed optimal machining parameters for obtaining minimum surface roughness at cutting speed of 35 m/min (level 2), feed of 0.124 mm/rev (level 1), depth of cut of 0.3 mm (level 1) and a cutting fluid with a viscosity of 2.898 mm 2 /s (level 3). Analysis of variance shows that feed rate (46.42%) has the significant influence on surface roughness, followed by the type of cutting fluid, in this case groundnut oil based cutting fluid with 14.22% significant.
